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(57) Abstract 

A surface— mount fuse for protecting a circuit, which includes a substrate having first and second surfaces, each surface having first, 
second, third, and fourth ends, the substrate also having first, second, third, and fourth sides. The fuse includes a metal strip attached to the 
first surface of the substrate with a layer of adhesive material, the layer of adhesive material b eing^disposed between the metal strip and 
the~fir&t_surface of th e sjjtetrate, the metal strip having a first connection region, a second connection region, and a non-linear fuse link 
therebetween. The fuse further includes first and second wire leads, the first wire lead being conductively connected to the first connection 
region and horizontally projecting away from the first connection region, the second wire lead being conductively connected to the second 
connection region and horizontally projecting away from the second connection region, for connecting the fuse to the remainder of the 
circuit. Alternatively, the wire leads can include clip leads or other terminal leads. The fuse also includes a protective layer disposed on 
the fuse link. A method for making the fuse is also disclosed. 
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A SURFACE -MOUNT FUSE AND 
THE MANUFACTURE THEREOF 



DESCRIPTION 

Technical Field 

The invention relates generally to a surface- 
mountable fuse for placement into and protection of the 
electrical circuit of a printed circuit board or other 
electrical circuit. 
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Related Application 

This application is a continuation-in-part of 
U.S. Patent Application No. 08/660,498 filed on June 7, 
1996 . 
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Background Of The Invention 

Printed circuit (PC) boards have found 
increasing application in electrical and electronic 
equipment of all kinds. The electrical circuits formed 
5 on these PC boards, like larger scale, conventional 

electrical circuits, need protection against electrical 
overloads. In particular, circuit boards and other 
electrical circuits within the telecommunications 
industry need protection against electrical overload. 
This protection can be provided by subminiature fuses 
that are physically secured to the PC board. 

One example of such a subminiature, surface - 
mount fuse is disclosed in U.S. Patent No. 5,166,656 (the 
" '656 patent"). The fusible link of this surface-mount 
15 fuse is covered with a three layer composite which 

includes a passivation layer, an insulating cover, and an 
epoxy layer to bond the passivation layer to the 
insulating cover. See '656 patent, column 6, lines 4-7. 
Typically, the passivation layer is either chemically 
20 vapor-deposited silica or a thick layer of printed glass. 

See '656 patent, column 3, lines 39-41. The insulating 
cover may be a glass cover. See '656 patent, column 4, 
lines 43-46. The fuse from the '656 patent has three 
layers protecting its fusible link. In addition, the 
25 fuse from the '656 patent has relatively thick glass 

covering. There are several other features in the '656 
patent fuse which are unnecessary in the present 
invention. 

One additional previous fuse is disclosed in 
30 European Patent Application No. 270,954. This "chip- 

type" fuse includes a conducting member 3 and electrodes 
4a and 4b that wrap around an insulating member. The 
electrodes are not unitary with the conducting member, 
however, and the connection to the circuit board takes 
35 place on the lower surface of the substrate. In 

addition, several steps are required to create the 
electrodes. Furthermore, the protecting member is spread 
across the entire upper surface of the fuse. This fuse 
includes several other disadvantages. 
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The present invention is designed to solve 
these and other problems . 
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Summary Of The Invention 

The present invention is a surf ace -mount fuse 
for protecting a circuit including the fuse. The fuse 
includes a substrate having first and second surfaces, 
5 each surface having first, second, third, and fourth 

ends, the substrate also having first, second, third, and 
fourth sides. The fuse also includes a metal strip 
evenly attached to the first surface of the substrate 
with a layer of adhesive material, the layer of adhesive 
10 material being disposed between the metal strip and the 

first surface of the substrate. The metal strip has a 
first connection region, a second connection region, and 
a non-linear fuse link therebetween. The fuse link has 
an upper surface and a side surface, and the first 
15 connection region is disposed along substantially the 

full length of the first end of the first surface of the 
substrate, the second connection region being disposed 
along substantially the full length of the second end of 
the first surface of the substrate. One form of the 
20 invention, further includes first and second wire leads 

aligned substantially with and along the first and second 
connection regions, respectively. The first wire lead is 
conductively connected to the first connection region and 
horizontally projects away from the first connection 
25 region. The second wire lead is conductively connected 

to the second connection region and horizontally projects 
away from the second connection region for connecting the 
fuse to the remainder of the circuit. 

The fuse also includes a protective layer that 
3 0 is disposed on the fuse link, with the protective layer 

in contact with and surrounding the upper and side 
surfaces of the fuse link of the metal strip, and can be 
disposed on at least a fraction of the first and second 
connection regions of the metal strip. A solder material 
3 5 is disposed between the first and second wire leads and 

the first and second connection regions, respectively, of 
the metal strip for connecting the first and second wire 
leads to the first and second connection regions. The 
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metal strip is made from a zinc alloy, and can be applied 
through a sheet of zinc foil. 

The present invention can also include the use 
of a metal strip evenly attached to the first surface of 
5 the substrate with a layer of polymeric material . The 

layer of polymeric material has first and second 
surfaces, each respectively having an adhesive material 
attached thereto. The layer of polymeric material is 
disposed between the metal strip and the first surface of 

10 the substrate. The adhesive material on the first 

surface of the layer of polymeric material connects the 
substrate to the first surface of the layer of polymeric 
material, and the adhesive material on the second surface 
of the layer of polymeric material connects the metal 

15 strip to the second surface of the layer of polymeric 

material . 

In lieu of the polymeric material with two 
sides having adhesive coatings, it has been found 
preferable to use a two-part adhesive coating. 

2 0 Particularly, it has been found that a silicone, 

laminating adhesive permits shorter curing times and 
lower curing temperatures. This, in turn, reduces and 
substantially eliminates the occasional warping of larger 
size sheets when using the substrate-polymeric layer- 
25 adhesive composite described in the above paragraph. 

A first terminal lead can be used instead of 
the first wire lead, and a second terminal lead can be 
used instead of the second wire lead. Furthermore, these 
terminal leads can take the form of clip leads, as will 

3 0 be described in detail below. 

The present invention also includes the method 
of manufacture of the fuse. The method of manufacture 
uses a lamination step for laminating the substrate, the 
layer of adhesive material, and the sheet of metal to 
35 form a unitary laminated sheet having a metal surface and 

a substrate surface. 

Alternative embodiments of the present 
invention may use alternative methods of manufacture, 
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depending on the fuse being created, as will be described 
in detail below. 
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Brief Description Of The Drawings 

FIGURE 1 is a perspective view of a substrate, 
a sheet of metal, and a layer of adhesive material 
therebetween, used to make a surface-mount fuse in 
5 accordance with the present invention. 

FIGURE 2 is a side view of the view of FIGURE 

1 . 

FIGURE 3 is a perspective view of the 
substrate, the sheet of metal, and the layer of adhesive 
10 material therebetween from FIGURE 1, with scoring lines 

therein, used to make a surface-mount fuse in accordance 
with the present invention. 

FIGURE 4 is a side view of the view of FIGURE 

3 . 

15 FIGURE 5 is a perspective view of the 

substrate, the sheet of metal, and the layer of adhesive 
material therebetween, with scoring lines therein, from 
FIGURE 3, shown with one metal strip etched therein, used 
to make a surf ace -mount fuse in accordance with the 

2 0 present invention. 

FIGURE 6 is a side view of the view of FIGURE 

5 . 

FIGURE 7 is a perspective view of the 
substrate, the metal strip, and the layer of adhesive 
25 material therebetween, with scoring lines therein, from 

FIGURE 5, with a protective layer on one of the fuses, 
used to make a surf ace-mount fuse in accordance with the 
present invention . 

FIGURE 8 is a side view of the view of FIGURE 

3 0 5, with the protective layer shown on all of the fuses. 

FIGURE 9 is a perspective view of one surface- 
mount fuse in accordance with the present invention. 

FIGURE 10 is a side view of the view of FIGURE 

9. 

35 FIGURE 11 is a bottom view of an additional 

embodiment of the surface-mount fuse from FIGURES 1-10, 
showing a 1-50 amp rating for this particular embodiment. 

FIGURE 12 is a side view of the surf ace -mount 
fuse from FIGURE 11. 
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FIGURE 13 is a top view of the surf ace -mount 
fuse from FIGURE 11. 

FIGURE 14 is top view of one possible stencil 
used to apply the protective layer within a stencil 
5 printing process. 

FIGURE 15 is a perspective view of a substrate, 
a sheet of metal, and an alternate means of providing a 
layer of adhesive material between the substrate and 
metal, which composite structure is used to make a 
10 surf ace -mount fuse in accordance with the present 

invention. 

FIGURE 16 is a schematic diagram of the process 
of manufacture of the fuse in accordance with the 
invention. 
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Detailed Description Of The Preferred Embodiment 

This invention may take the form of many 
different embodiments. This disclosure exemplifies the 
principles of the invention. The attached drawings and 
5 specification describe preferred embodiments of the 

invention, and are not intended to limit the patent to 
the illustrated embodiments. 

One preferred embodiment of the present 
invention is shown in FIGURES 9 and 10, and portions of 
10 this embodiment used to make the surface-mount fuse 2 are 

shown in FIGURES 1-9. It has been the goal for this and 
other disclosed fuses to be generally capable of 
withstanding 600 volt power cross and lightening spikes, 
as well as UL Standard 1459 and 1950 and Belcore 1089, 
15 although not necessary for the practice of the present 

invention. In addition, it has initially been a goal to 
create fuse ratings from about 0.25 (or lower) to about 
1.50 amps, although the specific concepts of this 
invention also apply to fuses with higher ratings. 
20 Referring to these FIGURES, the surface-mount 

fuse 2 is generally used for protecting a circuit when 
the circuit includes the fuse 2 . The fuse 2 includes a 
substrate 4 which can be an FR-4 material, a melamine- 
based composition, a polyimide, ceramic, or other 
25 material having similar insulating properties. For 

example, the FR-4 epoxy sheet is available as Spauldite® 
NEMA type FR-4 epoxy laminate, having a thickness of 
0.035". This product is available from the Spaulding 
Fibre Company, Inc., One American Drive, Buffalo, New 
30 York 14225. An example of a suitable melamine substrate 

is available as Spauldite® NEMA type G-5 melamine 
laminate, having a thickness of 0.035". This product is 
available from the Spaulding Fibre Company, Inc., One 
American Drive, Buffalo, New York 14225. 
35 The substrate 4 has a first surface 6 and 

second surface 8. Each surface 6, 8 has a first end 10a, 
10b, a second end 12a, 12b, a third end 14a, 14b, and a 
fourth end 16a, 16b. The substrate also has a first side 
18, a second side 20, a third side 22, and, a fourth side 
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24. The fuse 2 also includes a metal strip 30 that is 
evenly attached to the first surface 6 of the substrate 
4 with a layer of adhesive material 40. This adhesive is 
preferably non-flammable and non-conducting, and capable 
5 of withstanding high temperatures. The layer of adhesive 

material 40 is disposed between the metal strip 30 and 
the first surface 6 of the substrate 4 for attaching the 
metal strip 30 to the substrate 4. The adhesive 40 also 
acts as a thermal barrier between the substrate 4 and the 

10 metal strip 30. 

The metal strip 30 has a first connection 
region 32, a second connection region 34, and a non- 
linear fuse link 36 therebetween. The fuse link 36 of 
the metal strip 3 0 has an upper surface 37 and a side 
15 surface 38. The first connection region 32 is disposed 

or located along substantially the full length of the 
first end 10a of the first surface 6 of the substrate 4, 
with the adhesive 4 0 therebetween. The second connection 
region 34 is disposed or located along substantially the 
20 full length of the second end 12a of the first surface 6 

of the substrate 4. The metal strip is preferably made 
from a zinc alloy, but can. also be made from copper and 
aluminum alloys, or other metals which provide the 
necessary characteristics for the particular application. 
25 Additionally, tin or a tin- lead alloy, or other metal, 

can be placed or deposited on the fuse link 36 of the 
metal strip 30 to create or enhance the M-effect. It 
should be understood by those skilled in the art that 
other conductive metals may be placed on the fuse link 36 
30 to lower its melting temperature. In addition, this 

deposit need not be of any particular shape, but can take 
on any number of configurations. Further, nickel, tin, 
tin- lead alloy, or other metal, can also be placed or 
deposited on the connection regions 32, 34 of the metal 
3 5 strip 30 to enhance solderability . This is performed 

because zinc alone (the metal strip 30) tends to migrate 
and cause problems with the solder 60. 

The fuse 2 of the embodiment in FIGURES 9 and 
10 also has a first wire lead 50 and a second wire lead 
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52. The first wire lead 50 is aligned substantially with 
and along the first connection region 32, and the second 
wire lead 52 is aligned substantially with and along the 
second connection region 34. The first wire lead 50 is 
5 conductively connected to the first connection region 32 

with the use of a solder material 60 (high temperature 
solder joint) . The solder material 60 is disposed 
between the first and second wire leads 50, 52 and the 
first and second connection regions 32, 34, respectively, 

10 for connecting the first and second wire leads 50, 52 to 

the first and second connection regions 32, 34. The 
first wire lead 50 projects horizontally away from the 
first connection region 32. The second wire lead 52 is, 
likewise, conductively connected to the second connection 

15 region 34 with the use of the solder material 60. The 

second wire lead 52 also projects horizontally away from 
the second connection region 34. The first and second 
wire leads 50, 52 are provided for connecting the fuse 2 
to the remainder of the circuit. Additionally, nickel or 

20 other coating/plating, such as a tin or tin-lead alloy, 

can be deposited on the wire leads/terminal leads 50, 52 

or 50' , 52' . 

The surf ace -mount fuse 2 further includes a 
protective layer 70 that is disposed or deposited onto 

25 the fuse link 36. The deposited protective layer 70 

contacts and surrounds the upper and side surfaces 37, 38 
of the fuse link 36 of the metal strip 30. The 
protective layer 70 can also contact at least a fraction 
of the first and second connection regions 32,. 34 of the 

3 0 metal strip 30, although it is preferable for the 

protective layer 70 not to overlap onto the connection 
regions 32, 34. It is, however, preferable for the 
protective layer 70 to cover substantially all of the 
fuse link 36, and come close to the connection regions 

35 32, 34. 

The protective layer 70 can be made of a 
polymeric material, an RTV material, or other material 
with similar characteristics. The preferred material is, 
however, an RTV silicone supplied . by GE Silicone, Part 
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No. RTV-162. Other similar gels, pastes, or adhesives 
are suitable for the invention as well. In addition to 
polymers, the protective layer 70 may also be comprised 
of plastics, conformal coatings, and epoxies . 
5 The protective layer 70 (a) protects the fuse 

2 and fuse link 3 6 from impacts which may occur during 
automated assembly; (b) protects the fuse 2 from 
oxidation during use; (c) prevents electrical arcing; and 
<d) protects against other environmental concerns. 
10 The protective layer 70 forms a relatively 

tight seal over the fuse link 36. As a result, the 
protective layer 70 inhibits corrosion of the fuse links 
36 during their useful lives. 

In addition, this protective layer 70 helps to 
15 control the melting, ionization and arcing which occur in 

the fuse link 36 during current overload conditions. The 
protective layer 70 or cover coat material provides 
desired arc-quenching characteristics, especially 
important upon interruption of the fuse link 36. 
2 0 The protective layer 70 can be. clear and 

colorless for viewing the fuse link 36 / although the fuse 
link 36 will typically be facing toward the circuit board 
during use. There are significant advantages, however, 
in having the metal strip 30 side of the fuse 2 facing 

2 5 toward the circuit board. Specifically, the second 

surface 8 of the substrate 4 can be used to mark the fuse 
2, as is generally shown in FIGURE 12, with prime 
designations. In addition, since the second surface 8 or 
top surface of the substrate 4 is substantially flat, 

3 0 pick and place machines that are used to manufacture 

circuit boards can utilize the flat surface of the second 
surface 8 of the substrate 4 to pick and place the fuse 
2 into a circuit board. 

As a variation of the embodiment shown in 
35 FIGURES 9 and 10 , the metal strip 30 is attached to the 

first surface 6 of the substrate 4 with the use of a 
layer of polymeric material 40. The layer of polymeric 
material 40 has a first surface 42 and second surface 44, 
each surface 42, 44 has an adhesive material attached 
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thereto. The layer of polymeric material 4 0 is disposed 
or positioned between the metal strip 30 and the first 
surface 6 of the substrate 4 . The adhesive material on 
the first surface 42 of the layer of polymeric material 
5 40 connects or attaches the substrate 4 to the first 

surface 4 2 of the layer of polymeric material 40. 
Likewise, the adhesive material on the second surface 44 
of the layer of. polymeric material 4 0 connects or 
attaches the metal strip 30 to the second surface 44 of 
10 the layer of polymeric material 40. A lamination process 

can be used to perform the attachment during manufacture, 
as will be described in detail further below. The layer 
of polymeric material 40 is preferably a polyimide such 
as KAPTON polyimide material, when used. In use, this 
15 polyimide layer is typically about 1 mil thick, but can 

go up to about 15 mils thick. KAPTON polyimide material 
can be obtained from DUPONT Corporation. The KAPTON 
polyimide provides a thermal barrier between the metal 
strip 3 0 and the substrate 4 and thus protects the 
substrate 4 from excessive heat. KAPTON polyimide has an 
operating temperature of around 250° C, while the 
operating temperature of a substrate such as the FR-4 
material is around 150° C. 

The inventors have found a preferred 
alternative to the use of a KAPTON polyimide, with two 
adhesive layers on its opposite faces, as a means of 
adhering the metal sheet to the substrate. Rather than 
using a KAPTON polyimide or other polymeric carrier for 
the adhesive, the adhesive may be placed directly onto 
the substrate. The zinc metal sheet is then placed over 
the adhesive, and the structure cured. 

Particularly, it has been found preferable to 
use a silicone laminating adhesive between the metal 
layer and the substrate. This alternative is shown in 
FIGURE 15. In FIGURE 15, the metal layer or strip 86 is 
attached to the first surface 88 of the substrate 90 with 
the use of a layer of adhesive 92, preferably a layer of 
silicone laminating adhesive. The layer of silicone 
laminating adhesive 92 is disposed or positioned between 
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the metal layer or strip 86 and the first surface 88 of 
the substrate 90. 

The preferred adhesive is silicone laminating 
adhesive available from GE Silicones, Waterford, New 
5 York, Product No. SLA74 01-D1. SLA7401--D1 is a silicone 

laminating adhesive that is a translucent, paste- like, 
two component product. The metal layer or strip 86 is 
secured to the substrate 90 as "follows. The separate 
parts of the two component' product are put into adjacent, 
10 parallel tubes of a syringe. A plunger moves each of the 

components downward into the static mixing needle, where- 
stationary baffles swirl the two components together so 
that they will be thoroughly blended. 

The blended silicone laminating adhesive has a 
15 very high viscosity at room temperature. Therefore, a 

manual dispensing gun or a pneumatic dispensing apparatus 
is necessary to apply the blended adhesive, 

A screen printer is used to apply the adhesive 
to the substrate 90. The screen printer includes a fine 
2 0 mesh screen that is a component of a pivoting tool 

positioned above the substrate 90. The preferred screen 
mesh in the present application is 80 mesh, with a wire 
diameter of 2 millimeters. Other screen meshes can be 
used, however, and the size of the mesh is a factor in 
25 the ultimate thickness of the adhesive layer 92 on the 

substrate 90. The screen mesh may range from at least 

60-150 mesh. 

A portion of the screen is masked. In this 
way, passage of the adhesive onto the substrate 90 below 
3 0 is limited to the unmasked portion of the screen. As a 

result, the shape of the unmasked portion of the screen 
can be changed according to the needs of the user. 
Accordingly, the unmasked portion of the screen dictates 
the shape and cross-sectional area of the adhesive layer 
35 92 on the substrate 90. 

In the present embodiment, a 12" by 18" area is 
left unmasked, except for a thin strip of masking at the 
center, dividing this area into two 6" by 18" sections. 
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After the screen is lowered over the substrate 
90, the manual dispensing gun or a pneumatic dispensing 
apparatus applies the blended adhesive to the top of the 
screen. The adhesive is applied in linear, parallel, 
5 spaced-apart lines or beads from one end to another 

across the surface of the screen. These linear beads are 
spaced from each other at intervals of perhaps 1 1/2" to 
2". Below the screen, aligned with the unmasked portion 
of the screen, is the substrate 90. After the beads of 

10 adhesive are placed across the screen, a squeegee is 

wiped across these beads and the entire surface of the 
screen. In this way, the adhesive is forced through the 
screen mesh, and spread evenly across the surface of the 
substrate 90 in a layer of substantially uniform thick- 

15 ness. 

The screen is then raised to a position away 
from the substrate 90. Because of the masking of the 
screen, the adhesive is placed on two sections of the 
substrate 90, each section being rectangular and 
20 approximately 6" by 18" in dimension. Two rectangular 

zinc sheets 86 having corresponding 6" by 18" dimensions 
are then aligned over and placed upon the corresponding 
adhesive -covered part of the single substrate 90. A 
roller is utilized to press the zinc sheet 86 to the 

25 substrate 90, and the rolling action removes air bubbles 

that may form in the adhesive. The rolling action need 
not be firm, but merely sufficient to apply a light and 
uniform pressure to the top of the zinc sheet 86 surface. 

The zinc adhesive substrate composite is then 

30 placed into platens and a hot press, where it is 

subjected to between 100 - 2 00 psi, and cured at 150° C 

for 15 minutes. 

It has been found that structures made with 
this silicone -based adhesive provide the finished fuse 
35 with superior arc-quenching characteristics. 

After the composite has been cured, it is 
etched by photolithography, in a manner well known in the 
art, to achieve the appropriate etching pattern. 



WO 98/37S64 ! 7 PCT/US98/05332 

As an additional variation of the embodiment 
shown in FIGURES 9 and 10, the first and second wire 
leads 50, 52 need not be wire leads or terminals leads 
50, 52 that have a similar shape, as shown. Rather, many 
5 other types of terminal leads can be used in place of 

those shown in FIGURES 9 and 10. In particular, one such 
variation is shown in FIGURES 11-13. In the fuse 2' of 
this additional embodiment, the first connection region 
32' is disposed along substantially the full length of 
10 the first end 10a' of the first surface 6' of the 

substrate 4', and the second connection region 34' is 
disposed along substantially the full length of the 
second end 12a' of the first surface 6' of the substrate 
4'. The terminal leads 50, 52 are, instead, first and 
15 second clip leads 50', 52', respectively. As shown in 

FIGURES 11 and 13, the first clip lead 50' can have a 
plurality of clips 50a', 50b' (preferably two clips) that 
can be integrally attached to one another, although each 
clip lead can be one integral clip. As shown in FIGURE 
20 12, each clip 50a', 50b' of the first clip lead 50' has 

a mounting portion 54', and a wrap-around portion 56'. 
The wrap-around portion 56' of the clips 50a', 50b' are 
aligned generally along the first connection region 32' 
and the first side 18' of the substrate 4', and are 
conductively connected to the first connection region 
32' The wrap-around portions 56' of the clips 50a', 
50b' function to fasten the first clip lead 50' to the 
substrate 4' and first connection region 32'. The 
mounting portions 56' of the first clip lead 50' project 
away from the first connection region 32' . Likewise, the 
second clip lead 52' has a plurality of clips 52a' , 52b' , 
and can be integrally attached to one another. Each clip 
52a' 52b' of the second clip lead 52' has a mounting 
portion 55' and a wrap-around portion 57'. The wrap- 
around portion 57' of the clips 52a', 52b' are aligned 
generally along the second connection region 34' and the 
second side 20' of the substrate 4' , and are conductively 
connected to the second connection region 34' . The wrap- 
around portion 57' of the clips 52a', 52b' fasten the 



25 



30 



35 



WO 98/37564 18 PCT/US98/05332 



10 



second clip lead 52' to the substrate 4 and the second 
connection region 34'. The mounting portion 55' of the 
second clip lead 52' projects away from the second 
connection region 34'. As such, the first and second 
clip leads 50', 52' connect the fuse 2' to the remainder 

of the circuit. 

The non-linear form of the fuse link 36 allows 
for variation of the fuse rating. Specifically, by 
varying the thickness, width (cross-sectional area), and 
length of the fuse link 36 and metal strip 30, the rating 
can be increased or decreased. As shown in FIGURES 9 and 
10, the fuse link 36 has a serpentine, or back and forth, 
configuration which increases the length of the fuse link 
3 6 from an otherwise linear fuse link extending directly 
15 across the fuse. By using a serpentine configuration, 

the effective length of the fuse link 36 may be 
increased, even though the distance between the leads 
(terminals) at the opposite ends of that link remain the 
same. In this way, a serpentine configuration provides 
for a longer fuse link 36 without increasing the 
dimensions of the fuse itself. 

The fuses 2, 2' from FIGURES 9-13 are 
manufactured from following general methods of 
manufacture, and each fuse 2, 2' has variations depending 
on the specific embodiment being manufactured. For 
reference purposes and a general understanding of 
manufacturing processes for surface-mount fuses and other 
surface-mountable devices, U.S. Patent Application Nos . 
08/472,563, 08/482,829, 08/474,940 and 08/474,502 are 
incorporated herein by reference. In addition, for the 
purposes of this specification, the numbering in FIGURES 
9 and 10, and 11-13 with a prime designation, that refer 
to a single fuse also apply to the overall substrate and 
layers from which a plurality of fuses are derived, as 
shown in FIGS 1-8. As such, the method of the present 
invention includes manufacturing a plurality of surface- 
mount fuses 2, 2' from a single substrate 4. 

Turning to FIGURES 1-8, the method begins wxth 
providing a substrate 4 having first and second surfaces 
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6, 8, and having first, second, third, and fourth sides 
18, 20, 22, 24. For reference, FIGURES 3-8 all show 
. . 11 designations which signify that the plane of the 
overall substrate extends further in those directions. 
5 The beginning substrate 4 is typically about 12" by 18". 

The method also includes providing an adhesive, and 
laying the adhesive across substantially the entire first 
surface 6 of the substrate 4 to form a layer of adhesive 
material 40. 

10 A sheet of metal 28 is provided, and the sheet 

of metal 28 is laid on the layer of adhesive material 40. 
The sheet of metal can be a sheet of rolled metal foil, 
preferably a zinc alloy. Other metals or metal alloys 
can be used, however, as described above. The substrate 

15 4,- the layer of adhesive material 40, and the sheet of 

metal 2 8 are then laminated together to form a unitary 
laminated sheet 46 having a metal surface 47 and a 
substrate surface 48, as shown in FIGURES 1 and 2. The 
lamination step is performed through known lamination 

2 0 processes with the use of temperature and/or pressure 

and/or time, or combinations thereof. After lamination, 
the laminated sheet 4 6 may then be put through a cold 
press. 

The unitary laminated sheet 46 is then scored 
25 on the metal surface 47 and on the substrate surface 4 8 

in substantially parallel columns 49. The scoring allows 
the unitary laminated sheet 4 6 to be broken into fuse 
strip columns 57, each column 57 having a plurality of 
fuses 2. The scoring step also includes scoring the 

3 0 unitary laminated sheet 4 6 on the metal surface 4 7 and on 

the substrate surface 48 in substantially parallel rows 
(not shown) . The rows are generally perpendicular to the 
columns 4 9 and, in combination with the columns, allow 
the laminated sheet 4 6 to be broken into individual fuses 
3 5 in a subsequent processing step. 

This scoring step can be performed before the 
following etching step, or afterwards. Scoring is 
typically less costly than dicing and is, therefore, the 
preferred way to separate the individual fuses. If 
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ceramics were used as the substrate, then scribing would 
typically be performed instead of scoring, as is well 
known in the art. Although this embodiment provides for 
scoring as a pre-etching step, scoring is preferably 
5 performed after etching. 

A plurality of patterns (only one is shown in 
FIGURES 5-10) are then etched into the sheet of metal to 
form a plurality of unitary metal strips 30 (only one is 
shown in FIGURES 5-10) . As described above, each metal 
10 strip 30 has a first connection region 32, a second 

connection region 34, and a fuse link 3 6 connecting these 
two connection regions. The etching is performed through 
standard etching techniques through the use of 
photoresist and photolithography, which techniques define 
15 and shape the metal strip 30. 

A protective layer 70 is then applied onto each 
fuse link 3 6 of each metal strip 30. One method of 
applying the protective layer 70 is through a stencil 
printing process with the use of a stencil printing 
20 machine. One stencil printing machine which can be used 

is made by Affiliated Manufacturers, Inc., of 
Northbranch, New Jersey, Model No. CP-885. Previous uses 
of stencil printing machines, for applying protective 
coatings on fuses, applied strands of coatings across 
25 numerous fuses before the substrate was diced into 

individual fuses. With the preferred use of the stencil 
80 shown in FIGURE 14, however, the method of applying 
protective layer 70 in the present invention comprises 
applying a protective layer 70 to the individual fuses 2 
30 created from the laminated sheet 46. This stencil 80 has 

a plurality of grooves 82, one for each protective layer 
70 on each fuse 2, for allowing the protective layer 
material to pass through each groove 82 during stencil 
printing with the stencil printing machine (not shown) . 
35 This stencil 80 can be stainless steel and have a 

thickness of 0.023", but others can be used as well. 
Using this stencil 80 within the stencil printing 
machine, the. squeegee speed is preferably about 3 1/2" 
per second for the preferred - protective material 
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mentioned above, but can range from about 1/2-8" per 
second, depending on the particular material used. 
Alternatively, the grooves 82 could be opened along 
stencil rows 84 for applying a protective layer 70 to a 
5 full fuse strip column 57. The separation of the fuse 

strip columns 57 into individual fuses 2 would then 
separate the protective layer 70. Once the protective 
layer 70 is applied, the protective layer is cured in 
open air . 

!q' In one form of the present invention, a solder 

material 60 (solder, solder paste, or flux material) is 
then applied to each of the first and second connection 
regions 32, 34. A plurality of first and second terminal 
leads 50, 52 are then placed on the solder material 60 
15 applied to each of the first and second connection 

regions 32, 34, respectively. Alignment of the terminal 
leads 50, 52 may be necessary. The solder material 60 is 
then ref lowed to provide a conductive connection between 
each of the first and second connection regions 32, 34 of 
20 the metal strips 30 and each of the respective first and 

second terminal leads 50, 52. A cleaning step is usually 
performed at this point . 

The unitary laminated sheet 4 6 with its 
plurality of fuses 2 can then be broken, diced, or 
25 otherwise separated into fuse strip columns 57, and the 

fuse strip columns 57 are broken, diced or otherwise 
separated into individual fuses 2 . Testing and packaging 
is usually then performed. The entire process of 
manufacture is shown in the schematic diagram, FIGURE 16. 
3 0 Commensurate with one of the alternative 

apparatus embodiments discussed above, the step of 
providing an adhesive and laying the adhesive across 
substantially the entire first surface 6 of the substrate 
4 to form a layer of adhesive material 40, is performed 
35 as follows. A polymeric material 40 is provided that has 

first and second polymeric surfaces 42, 44. The first 
and second polymeric surfaces 42, 44 have an adhesive 
attached thereto. The first polymeric surface 42 of the 
polymeric material 4 0 and the adhesive thereon are 
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attached to the first surface 6 of the substrate 4. The 
sheet of metal 28 is laid or placed onto the layer of 
adhesive material 40 by laying the sheet of metal 28 onto 
the second polymeric surface 44 of the polymeric material 
5 4 0 having the adhesive thereon. The step of laminating 

the substrate 4, the layer of adhesive material 40, and 
the sheet of metal 28 together to form a unitary 
laminated sheet 4 6 having a metal surface 4 7 and a 
substrate surface 48 is then performed by laminating the 
10 substrate 4, the polymeric material 40 having the 

adhesive on the first and second polymeric surfaces 42, 
44, and the sheet of metal 38 together. As described 
above, the polymeric material is preferably a polyimide 
film or material, such as KAPTON, and the sheet of metal 
15 28 is made from a sheet of zinc foil. When the polyimide 

is laminated to the substrate, the adhesive on the 
polyimide is actually cured to the substrate, as also 
takes place with the sheet of metal 28. 

In an embodiment mentioned above, which makes 
20 use of the clip leads 50', 52', the clip leads 50', 52' 

are not attached until after the laminated sheet 46 (with 
other fuse elements, such as the metal strip 3 0 and 
protective layer 70) is broken into columns 57 (commonly 
referred to as "strips") . Once the laminated sheet 46 
25 (with other fuse elements) is broken into columns 57, a 

solder material is then applied to the connection regions 
32', 34'. The clip leads 50', 52' can, alternatively, be 
provided with solder already existing on the clip leads 
50' , 52' , wherein it is not necessary to apply the solder 
30 material directly to the connection regions 32', 34'. 

The first clip lead 50' is then attached to the substrate 
4' and first connection region 32', and the second clip 
lead 52' is attached to the substrate 4' and second 
connection region 34' , as shown in FIGURES 11-13. A flux 
35 material is then applied to the connection regions 32', 

34' and surrounding area of the terminal connections 
between the clip leads 50'. 52'. The solder is then 
ref lowed to create a conductive connection. The steps of 
the clip lead attachment (with solder already existing on 



20 



25 



30 



35 



WO 98/37564 2 3 PCT/US98/05332 

the clip leads 50', 52' or already existing on the 
connection regions 32', 34'), the flux material 
application, and the reflowing of the solder, 
alternatively, can all be preformed in one operation. In 
5 this one step operation, each column 57 is inserted. into 

a lead- insert ion-attachment-ref low machine which first 
inserts or attaches the clip leads 50', 52' onto the 
sides 18', 20' of the individual fuses 2' of the column 
57. The clip leads 50', 52' can be pre-solder laden and 
10 pre- flux laden such that the next step in the process is 

only reflowing the solder and flux so that the leads 50' , 
52' are permanently attached to the sides 18', 20' of 
each fuse 2' and the respective connection regions 32', 
34' of the metal strips 30 oh the column 57. One 
15 significant advantage of this step is that the lead 

insertion and the reflow both occur in one step with the 
use of the lead-insertion-reflow machine. One source of 
this type of machine is NAS Corporation. U.S. Patent 
Nos. 4,120,558, 4,203,648 and 4,605,278 are incorporated 
herein by reference for additional disclosure when these 
steps are used during manufacture. These types of clip 
leads or lead frames can be obtained from North American 
Specialties Corporation (NAS), 120-12 28th Avenue, 

Flushing, New York. 

Once this operation (or steps) is performed, a 
cleaning step is then performed, and the columns 57 are 
broken into individual fuses. The fuses are then tested, 
packaged, and ready for placement into circuit boards. 

It should be understood that the present 
invention can include a substrate 4 having drilled or 
punched holes or bores (not shown) for attaching 
metallization to create the terminal leads 50, 52 
(although not shown in this form) . It should be further 
noted that the bores would be lined up into rows and 
columns, disposed over almost the entire substrate, 
typically two half bores per fuse 2. When the drilling 
or punching of the bores has been completed, the bored 
substrate 4 is then processed in a similar manner as 
described above. A conductive metal can then be placed 
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in a notched section (half holes) conductively connected 
to the metal strip 30. As a result of this flexibility, 
specific electrical characteristics can be engineered 
into the fuse to meet varying needs of the ultimate user. 
5 While the specific embodiments have been 

illustrated and described / numerous modifications come to 
mind without significantly departing from the spirit of 
the invention, and the scope of protection is only 
limited by the scope of the accompanying Claims. 
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CLAIMS 

What is claimed is: 

1. A surface -mount fuse for protecting a circuit 
including the fuse comprising: 

a substrate having first and second surfaces, 
each surface having first, second, third, and fourth 
5 ends, the substrate also having first, second, third, and 

fourth sides; 

a metal strip evenly attached to the first 
surface of the substrate with a layer of adhesive 
material, the layer of adhesive material being disposed 
between the metal strip and the first surface of the 
substrate, the metal strip having a first connection 
region, a second connection region, and a fuse link 
therebetween having an upper. surf ace and a side surface, 
the first connection region being disposed along 
substantially the full length of the first end of the 
first surface of the substrate, the second connection 
region being disposed along substantially the full length 
of the second end of the first surface of the substrate; 
and 

first and second wire leads aligned 
substantially with and along the first and second 
connection regions, respectively, the first wire lead 
being conductively connected to the first connection 
region and horizontally projecting away from the first 
connection region, the second wire lead being 
conductively connected to the second connection region 
and horizontally projecting away from the second 
connection region, for connecting the fuse to the 
remainder of the circuit. 

2. The surface-mount fuse of Claim 1, wherein a 
protective layer is disposed on the fuse link, the 
protective layer being in contact with and surrounding 
the upper and side surfaces of the fuse link of the metal 
strip. 
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3. The surface-mount fuse of Claim 2, wherein the 
protective layer is also ih contact with at least a 
fraction of the first and second connection regions of 
the metal strip. 

4. The surface-mount fuse of Claim 2, wherein said 
protective layer is made of a polymeric material. 

5. The surface-mount fuse of Claim 2, wherein the 
protective layer is made of an RTV silicone material. 

6. The surface-mount fuse of Claim 1, wherein the 
substrate is made of an FR-4 material. 

7. The surface-mount fuse of Claim 1, wherein the 
substrate is made of a melamine-based composition. 

8. The surf ace -mount fuse of Claim 2, wherein a 
solder material is disposed between the first and second 
wire leads and the first and second connection regions, 
respectively, of the metal strip for connecting the first 

5 and second wire leads to the first and second connection 

regions . 

9. The surface-mount fuse of Claim 1, wherein the 
metal strip is made from a zinc alloy. 

10. The surface-mount fuse of Claim 1, wherein the 
metal strip is made from a sheet of zinc foil. 
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11. A surface-mount fuse for protecting a circuit 
including the fuse comprising: 

a substrate having first and second surfaces, 
each surface having first, second, third, and fourth 
5 ends, the substrate also having first, second, third, and 

fourth sides; 

a metal strip evenly attached to the first 
surface of the substrate with a layer of polymeric 
material, the layer of polymeric material having first 
10 and second surfaces each respectively having an adhesive 

material attached thereto, the layer of polymeric 
material being disposed between the metal strip and the 
first surface of the substrate, the adhesive material on 
the first surface of the layer of polymeric material 
15 connecting the substrate to the first surface of the 

layer of polymeric material, and the adhesive material on 
the second surface of the layer of polymeric material 
connecting the metal strip to the second surface of the 
layer of polymeric material, wherein the metal strip has 
20 a first connection region, a second connection region, 

and a fuse link therebetween having an upper surface and 
a side surface, the first connection region being 
disposed along substantially the full length of the first 
end of the first surface of the substrate, the second 
25 connection region being disposed along substantially the 

full length of the second end of the first surface of the 
substrate; 

a first terminal lead being conductively 
connected to the first connection region and projecting 
3 0 away from the first connection region; and 

a second terminal lead being conductively 
connected to the second connection region and projecting 
away from the second connection region, the first and 
second terminal leads connecting the fuse to the 
35 remainder of the circuit. 
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12. The surf ace -mount fuse of Claim 11, wherein a 
protective layer is disposed on the fuse link, the 
protective layer in contact with and surrounding the 
upper and side surfaces of the fuse link of the metal 

5 strip. 

13. The surface-mount fuse of Claim 12, wherein the 
protective layer is also in contact with at least a 
fraction of the first and second connection regions of 
the metal strip. 

14. The surface-mount fuse of Claim 12, wherein 
said protective layer is made of a polymeric material. 

15. The surface-mount fuse of Claim 12, wherein the 
protective layer is made of an RTV silicone material. 

16. The surface-mount fuse of Claim 11, wherein the 
substrate is made of an FR-4 material. 

17. The surface-mount fuse of Claim 11, wherein the 
substrate is made of a melamine-based composition. 

18. The surface-mount fuse, of Claim 12, wherein a 
solder material is disposed between the first and second 
terminal leads and the first and second connection 
regions, respectively, of the metal strip for connecting 

5 the first and second terminal leads to the first and 

second connection regions. 

19. The surface-mount fuse of Claim 11, wherein the 
metal strip is made from a zinc alloy. 

20. The surface-mount fuse of Claim 11, wherein the 
metal strip is made from a sheet of zinc foil. 

21. The surface-mount fuse of Claim 11, wherein the 
layer of polymeric material is a polyimide. 
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22. A surface-mount fuse for protecting a circuit 
including the fuse comprising: 

a substrate having first and second surfaces, 
each surface having first, second, third, and fourth 
5 ends, the substrate also having first, second, third, and 

fourth sides; 

a metal strip evenly attached to the first 
surface of the substrate with a layer of adhesive 
material, the layer of adhesive material being disposed 
10 between the metal strip and the first surface of the 

substrate, the metal strip having a first connection 
region, a second connection region, and a fuse link 
therebetween having an upper surface and a side surface, 
the first connection region being disposed along 
15 substantially the full length of the first end of the 

first surface of the substrate, the second connection 
region being disposed along substantially the full length 
of the second end of the first surface of the substrate; 

a first clip lead having at least one clip, 
20 each clip of the first clip lead having a mounting 

portion and a wrap-around portion, the wrap-around 
portion of each clip being aligned generally along the 
first connection region and first side of the substrate, 
and being conductively connected to the first connection 
25 region, wherein the wrap-around portion of each clip 

fastens the first clip lead to the substrate and first 
connection region, wherein the mounting portion of the 
first clip lead projects away from the first connection 
region; and 

3 0 a second clip lead having at least one clip, 

each clip of the second clip lead having a mounting 
portion and a wrap-around portion, the wrap-around 
portion of each clip being aligned generally along the 
second connection region and second side of the 
35 substrate, and being conductively connected to the second 

connection region, wherein the wrap-around portion of 
each clip fastens the second clip lead to the substrate 
and second connection region, wherein the mounting 
portion of the second clip lead projects away from the 



BMSDOCID <WO 9837564A2 I > 



WO 98/37564 3 0 PCT/US98/05332 

second connection region, the first and second clip leads 
connecting the fuse to the remainder of the circuit. 

23. The surface-mount fuse of Claim 22, wherein a 
protective layer is disposed on the fuse link, the 
protective layer being in contact with and surrounding 
the upper and side surfaces of the fuse link of the metal 

5 strip. 

24. The surface-mount fuse of Claim 23, wherein the 
protective layer is also in contact with at least a 
fraction of the first and second connection regions of 
the metal strip. 

25. The surface-mount fuse of Claim 23, wherein 
said protective layer is made of a polymeric material. 

26. The surface-mount fuse of Claim 23, wherein the 
protective layer is made of an RTV silicone material. 

27. The surface-mount fuse of Claim 22, wherein the 
substrate, is made of an FR-4 material. 

28. The surface-mount fuse of Claim 22, wherein the 
substrate is made of a melamine-based composition. 

29. The surface-mount fuse of Claim 22, wherein a 
solder material is disposed between the first and second 
clip leads and the first and second connection regions, 
respectively, of the metal strip for conductively 

5 connecting the first and second clip leads to the first 

and second connection regions. 

30. The surface-mount fuse of Claim 22, wherein the 
metal strip is made from a zinc alloy. 



31. The surface-mount fuse of Claim 22, wherein the 
metal strip is made from a sheet of zinc foil. 
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32. A method of manufacturing a plurality of 
surface-mount fuses, comprising the steps of: 

providing a substrate having first and second 
surfaces, and having first, second, third, and fourth 
5 sides; 

providing an adhesive and laying the adhesive 
across substantially the entire first surface of the 
substrate to form a layer of adhesive material; 

providing a sheet of metal and laying the sheet 
10 of metal on the layer of adhesive material; 

laminating the substrate, the layer of adhesive 
material, and the sheet of metal together to form a 
unitary laminated sheet having a metal surface and a 
substrate surface; and 
15 etching a plurality of patterns in the sheet of 

metal to form a plurality of unitary metal strips, each 
having a first connection region, a second connection 
region, and a fuse link therebetween. 

33. The method of Claim 32, further comprising the 
step of: 

scoring the unitary laminated sheet on the 
metal surface and on the substrate surface in 
5 substantially parallel columns for allowing the unitary 

laminated sheet to be broken into fuse strip columns 
having a plurality of fuses. 

34. The method of Claim 33, wherein the scoring is 
also performed in rows that are substantially 
perpendicular to the columns. 

35. The method of Claim 32, further comprising the 
step of : 

applying a protective layer on each fuse link 
of each metal strip. 
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36. The method of Claim 35, further comprising the 
step of : 

applying a solder material onto each of the 
first and second connection regions. 

37. The method of Claim 36, further comprising the 
steps of : 

providing a plurality of first and second 
terminal leads; 

5 placing the first and second terminal leads on 

the solder material applied to each of the first and 
second connection regions, respectively; and 

reflowing the solder material to provide a 
conductive connection between each of the first and 
10 second connection regions of the metal strips and each of 

the respective first and second terminal leads. 

38. The method of Claim 33, further comprising the 
step of : 

applying a protective layer on each fuse link 
of each metal strip. 

39. The method of Claim 38, further comprising the 
step of: 

applying a solder material onto each of the 
first and second connection regions. 

40. The method of Claim 39, further comprising the 
steps of : 

providing a plurality of first and second 
terminal leads; 

5 placing the first and second terminal leads on 

the solder material applied to each of the first and 
second connection regions, respectively; and 

reflowing the solder material to provide a 
conductive connection between each of the first and 
10 second connection regions of the metal strips and each of 

the respective first and second terminal leads. 
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41. The method of Claim 37, further comprising the 
steps of : 

breaking the unitary laminated sheet into fuse 
strip columns having a plurality of strips; and 
5 breaking the fuse strip columns into individual 

fuses . 

42. The method of Claim 32, wherein: 

the step of providing an adhesive and laying 
the adhesive across substantially the entire first 
surface of the substrate to form a layer of adhesive 
5 material, is performed by providing a polymeric material 

having first and second polymeric surfaces, the first and 
second polymeric surfaces having an adhesive attached 
thereto, and by attaching the first polymeric surface of 
the polymeric material and the adhesive thereon to the 
10 first surface of the substrate; 

the step of providing a sheet of metal and 
laying the sheet of metal on the layer of adhesive 
material, performed by laying the sheet of metal on the 
second polymeric surface of the polymeric material having 
15 the adhesive thereon; and 

the step of laminating the substrate, the layer 
of adhesive material, and the sheet of metal together to 
form a unitary laminated sheet having a metal surface and 
a substrate surface, performed by laminating the 
20 substrate, the polymeric material having the adhesive on 

the first and second polymeric surfaces, and the sheet of 
metal together, 

43. The method of Claim 42, wherein the polymeric 
material is a polyimide . 
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44 . A surface-mount fuse for protecting a circuit 
including the fuse comprising: 

a substrate having first and second surfaces, 
each surface having first, second, third, and fourth 
5 ends, the substrate also having first, second,, third, and 

fourth sides; 

a metal strip evenly attached to the first 
surface of the substrate with a layer of polymeric 
material, the layer of polymeric material having first 
10 and second surfaces each, respectively, having an 

adhesive material attached thereto, the layer of 
polymeric material being disposed between the metal strip 
and the first surface of the substrate; the adhesive 
material on the first surface of the layer of polymeric 
15 material connecting the substrate to the first surface of 

the layer of polymeric material, and the adhesive 
material on the second surface of the layer of polymeric 
material connecting the metal strip to the second surface 
of the layer of polymeric material, wherein the metal 
strip has a first connection region, a second connection 
region, and a fuse link therebetween having an upper 
surface and a side surface, the first connection region 
being disposed along substantially the full length of the 
first end of the first surface of the substrate, the 
second connection region being disposed along 
substantially the full length of the second end of the 
first surface of the substrate; 

a first terminal lead conductively connected to 
the first connection region; and 

a second terminal lead conductively connected 
to the second connection region, the first and second 
terminal leads connecting the fuse to the remainder of 
the circuit. 
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